Background: Age estimation from teeth is frequently used because teeth may be preserved for a long time after all tissues have disintegrated. Dental pulp is a well-protected structure. With progressing age, the size of the dental pulp chamber is reduced vertically and horizontally as a result of secondary dentin deposition. Thus, assessment of these radiographic measurements can be used as an indicator of age estimation. Aim: Estimation of the chronological age of an adult from dental pulp size using conventional intraoral periapical radiograph. Materials and Methods: The study group consisted of 100 subjects inclusive of both the genders aged between 16 and 50 years. The tooth selected was maxillary left central incisor. Intraoral periapical radiographs were taken by following paralleling cone technique. Total pulp length and cervical pulp width of the root canal were measured. To compensate for the differences in magnification and angulation on the radiograph, ratio between total pulp length, and cervical pulp width was calculated (P/A). Results: A gradual reduction in pulp size was observed with respect total pulp length and cervical pulp width with an increase in age and this showed a significant correlation with the chronological age. Conclusion: Dental age prediction is useful in routine and mass fatalities as teeth can be preserved for a long time. The clinical significance is that, it can be used in anthropology, forensic science, on both living and dead. The results confirm that there is horizontal and vertical reduction in pulp size with an increase in age due to secondary dentin formation. This radiographic morphometric pulp reduction can be used to estimate the nearest chronological age of an adult.
Introduction

Forensic odontology was defined by Keiser-Neilson in 1970.
It is that branch of forensic medicine which in the interest of justice deals with the proper handling and examination of dental evidence and with the proper evaluation and presentation of dental findings. [1] It is a specialized field under dentistry as well as a forensic medicine because, an in-depth knowledge of both the fields is vital for its activity. [2] It is well-known fact that tissues undergo continuous structural changes throughout life The major factors responsible for this continuing process are environmental effects and aging. [3] Age estimation is one of the several indicators used to establish identity and such estimation of living individuals are made for refugees or other persons who arrive in a country without acceptable identification papers and may require a verification of age or in order to be entitled to citizenship and social benefits of a country. [4] And also to study maturity of a child, to assess if the development is markedly advanced or retarded, in case of orphans to calculate the exact dose of medicine for the child, and in mass disaster. [5] Chronological age assessment based on dental factors is a reliable indicator, because teeth may persist long after the, other parts of the skeleton have disintegrated. [6] Teeth were first used as a barometer of age in 1800. [7] Changes that are appreciable in teeth with advancing age are attrition of teeth, periodontal disease, secondary dentin formation, changes in root translucency, and color changes. [1] Teeth resist the influence of many external factors, taphonomic process, and fragment very slowly. In situations, if they are the only body part on hand for study and this makes teeth an apt specimen for dental age estimation. [8, 9] Kvaal et al. provided a method, that allows estimation based on morphological measurement of two-dimensional features of individual teeth. [10] This method has the advantage of being non-invasive, and useful for regression analysis of data performed with age as the dependent variable. [11] Radiographic technique has been developed as a popular tool for the measurements of the, reduction in the pulp cavity associated with advancing age. [4, 12] Radiograph also plays a crucial role in forensic dentistry to discover the hidden facts, which cannot be seen and assessed by means of physical examination. [1] The intention of the present study was to find a method for estimating the chronological age of adult without tooth extraction, by the method of gauging the dental pulp size on an intraoral periapical radiograph.
Aims and Objectives
To ascertain the significant difference in pulp size among various age groups and thereby establish a correlation between the chronological age and the pulp size with the help of an intraoral periapical radiograph.
Materials and Methods
The study group consisted of 100 individuals between the age group of 16-50 years inclusive of both the genders. Healthy tooth with a single root, fully erupted, and vital was selected for the study. Tooth with pathology, fractured attrition, non-vital, obliterated pulp, congenital/malformed, and crown/bridges were excluded. Relevant case history was recorded and detailed clinical examination was carried out and the selected subjects were divided into seven groups in the serial interval of 5 years duration each. The tooth selected for the study was maxillary left central incisor.
After obtaining the informed consent from the patient, selected subjects were subjected to intraoral periapical radiograph following radiation protection protocol. Kodak E speed film was used following paralleling cone technique using XCP film holder (RINN CO). The X-ray machine used was trophy radiologie. Pulpal measurements were carried out by using a pair of Digimatic vernier calipers which had a repeatability of 0.01 mm. Estimation of age from dental radiographs was done using criteria devised by Kvaal et al., who presented easy and simple method to measure the pulpal cavity based on estimates of the total pulp length and cervical width of the pulp. [4] The observed measurements were subjected to statistical analysis and Pearson correlation was used. The following measurements for each age group were done on the radiograph.
The total pulp length is defined as the distance between roof of the pulp chamber to radicular end of the pulp (P). Cervical width of the root canal is assessed by measuring the width of the pulp at the cementoenamel junction (A).
To compensate for the differences in magnification and angulation on the radiograph, ratio between total pulp length, and cervical pulpal width was calculated (P/A).
Results
The study group consisted of 100 subjects which were divided into seven groups. The age ranges from 16 to 60 years, with a mean age of 35.6 years. The present study consisted of 49 (49%) males and 51 (51%) females. Each individual in the groups had a different pulpal measurement. Negative linear correlation analysis was observed. Table 1 shows the means of total pulp length. The mean of total pulp length in males was found to be highest in Group I being 20.52 ± 4.26 mm and gradually reduced to 17.63 ± 1.22 mm in Group VII. In females, it measured 20.59 ± 1.49 mm in Group I and gradually decreased toward Group VII and it was 18.94 ± 1.53 mm. The difference observed was found to be statisticall significant. Table 2 shows the correlation between total pulp length and age was negative, and the r value was −0.241 at P = 0.016. Table 3 shows the means of cervical pulp width. The cervical width of the root canal in males was 2.22 ± 3.33 mm in Group I and 0.62 ± 0.11 mm in Group VII. Significant reduction was observed from Group I to VII. In case of females it was 1.57 ± 0.59 mm in Group I and 1.13 ± 0.05 mm in Group VII. Less variation was observed in the width from Group I to V. Later from Group VI to VII the width reduced significantly. Table 4 shows the correlation between cervical pulp width and age was negative, and the r value was −0.392 at P < 0.0001. Table 5 shows the means of ratio between pulp length and cervical width (P/A). The means of P/A values in case of males were high in Group I was 29.08 ± 6.57 mm and the values decreased significantly in Group II but not much variation were observed from Group III to VII. The values of Group I when compared with Group VII was found to be statistically significant. In case of females, the observed variations were less significant. Pearson's correlation analysis was conducted to evaluate the association between pulpal size and age. Linear correlation suggested that there was a negative correlation between the age and pulp size which proved that with an increase in age, the reduction in the pulp size was observed. The observed correlation between the chronological and dental age showed that with an increase in age there is a decrease in pulp size.
Discussion
It is essential to establish a person's age as such information is commonly required to assist in the establishment of identity. It may also be required in connection with some legal requirement with age of the individual. [13] Age estimation of unknown human bodies is important in the event of a crime investigation or a mass disaster. [14] Age can be estimated in different ways by using chronological age, dental, and skeletal age. [15] Human bones and teeth can reveal numerous morphological traits. Dental age may serve as the most important and many a times the only method available for age estimation and identification of a person after other remains of the body are destroyed, as teeth are the last to be destroyed. [5] Dental pulp is the only non-mineralized tissue of a tooth residing within the pulp chamber and root canals. [16] Secondary dentin is formed continuously throughout life after the crown is fully formed. [17] Because of continuing deposition of secondary dentin, the size of the surface within the pulp cavity is gradually reducing with aging both vertically and horizontally. [4, 7, 12, 13, 15, 17] A study of radiographs of the teeth is a simple method and is a technique used daily in most dental surgeries. [4] Dental diagnostician can be of vital importance in age estimation of a subject in cases of uncertain age records. [5] In this study, there was a gradual reduction in total pulp length which was observed in all the groups. Factors responsible could be attributed to shrinkage of the coronal pulp as a result of, secondary dentin deposition over the roof of the pulp which is a constant process that occurs throughout life. [18] However, this is not regular throughout the coronal pulp but progresses sooner on the roof than on the floor or side walls. This finding is in agreement with Donald R Morse who proved that statistically significant reduction in the total pulp length and width of root canals with advancing age as evidenced by radiographic measurements due to secondary dentin deposition. [7] In both males and females, the cervical width of the root canal showed constant significant reduction with increase in age (P < 0.01) [ Table 3 ]. With advancing age, it appears to show that increased root canal calcification, fibrosis, sclerotic, and secondary dentin formation as evidenced by radiographic measurements are physiological processes. [19] Kvaal et al. proved that there is strong correlation between pulp length and width on age estimation and concluded that pulp width is most strongly correlated with age at the cervical area and the correlation decreased toward the apex. This study establishes the fact that the width of the pulp is a better indicator of the age in comparison with total pulp length. [13] In case of males the mean, the P/A values were high in Group I. The values of Group VII when compared with Group I it was found to be statistically significant. The observed variation was less significant in case of females. There was a significant correlation between the chronological and dental age [ Table 5 ].
Practical application of the study is that it can be used in cases of unknown birth records, anthropology, forensic odontology, mass disaster, and in cases of severe burns, when tooth is the only bodily structure available for forensic analysis, and the clinical importance of the tooth is that dental pulp being well protected and least affected by tamponic process. [5, 6, 8, 9, 14] This radiographic pulpal morphometric analysis can be strongly recommended to assess the age of an adult, since this method can be performed in both living and dead.
The strength of the study is that, the study tooth is least affected by the attritional changes, caries, usually present in the oral cavity, single-rooted and having large pulp area making measurements easier.
In highlight of this study, certain limitations are present. The study tooth is more liable for avulsion, fracture and if extracted the equation cannot be employed. The pulpal outline cannot be recognized if the radiograph is not of diagnostic quality and thus chances of introducing morphometric errors exist.
Summary and Conclusion
The key observation of this research was that the size of the pulp chamber reduced in both vertical and horizontal dimension with increasing age. Besides, it also highlights that each individual in the groups had a different pulpal measurements. Another major outcome of this study was that this method proved to be a non-invasive technique to assess the chronological age of an adult using the dental pulp. The key feature of this research was that the estimated age can be applicable to age groups rather than for individual age. Thus, it can be concluded that the radiographic reduction in pulp size with an increase in age can be used to assess the age of an adult. This radiographic morphometric procedure is easier, feasible, of low cost, simple, and does not require any expertise. Future research should aim at including multi-rooted teeth using advanced technique, which can be used as a standard chart data for further referral. However, prospective validation and refining with larger sample size stratified with adequate age groups may be needed to be undertaken to march forward.
